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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESEARCHMEMORANDUM 

for the 
, 

Bureau of Aeronautics, Department of the Navy 

FREE-SPINNING-TUNNEL INVESTIGATION OF A $-SCALE 

MODEL OF TEE GRUMMAN XS2F-1 AIRPLANE 

TED No. NACA DE 366 

By Frederick M. Healy 

SUMMARY 

An investigation of a L- 
30 

scale model of the Grumman XS2F-1 airplane 

has been conducted in the Langley 20-foot free-spinning tunnel. The 
erect spin and recovery characteristics of the model in the design flight 
condition with the center of gravity at 30 percent of the mean aero- 
dynamic chord were determined. Brief tests were also performed with 
the center of gravity at 20 percent of the mean aerodynamic chord. The 
effect of reversing the trimmer simultaneously with the rudder and the 
effect of extending the radome and magnetic airborne detector boom were 
also determined. The investigation included inverted spin tests and 
tests to determine the parachute size re@ired for emergency spin 
recovery. 

The results of the tests indicate that erect spins of the airplane 
with flaps retracted when the‘center of gravity is at 30 percent of the 
mean aerodynamic chord will be satisfactorily terminated by full rudder 
reversal accompanied by moving the elevator to at least two-thirds down. 
Recoveries attempted by simultaneous reversal of rudder and trimmer will 
be satisfactory. Full rudder reversal and elevator neutralization will 
give satisfactory recovery when the center of gravity is at 20 percent 
of the mean aerodynamic chord. Extension of the radome and boom will 
have little effect on spin-recovery characteristics. Inverted spins of 
the airplane will be satisfactorily terminated by full rudder reversal. 
The model tests indicate that an 18.75-foot (laid-out-flat diameter) 
tail parachute (drag coefficient approximately 0.74) should be effective 
as an emergency spin-recovery device during demonstration spins of the 
airplane. 

-_ 
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INTRODUCTION 
Lo 

0 

: At the request of the Bureau of Aeronautics, Department of the Navy, 
B a spin investigation has been conducted in the Langley 20-foot free- 0 , spinning tunnel of a +- scale model of the Grumman XS2F-1 airplane. 

The XS2F-1 is a high-wing, twin-engine aircraft of conventional config- 
uration. The airplane is equipped with a retractable ventrally located 
radome and a magnetic airborne detector boom which retracts into the 
tail cone. 

The erect and inverted spin and recovery characteristics of the 
XS2F-1 model in the most rearward (0.30 mean aerodynamic chord) center- 
of-gravity loading condition were determined. Brief tests were also 
performed with the model in the most forward (0.20 mean aerodynamic 
chord) center-of-gravity condition. The effects of horizontal-stabilizer 
incidence settings of both 0' and -6’ were investigated. Tests were made 
by simulating both the retracted and extended positions of the radome and 
magnetic airborne detector boom. The investigation also included 
parachute-recovery tests. 

SYMBOLS . 

b 

S 

C 

c 

X/E 

Z/F 

m 

wing span, ft 

wing area, sq ft 

wing chord at any station along the span, ft 

mean aerodynamic‘ chord, ft 

ratio of distance of center of gravity rearward of leading 
edge of mean aerodynamic chord to mean aerodynamic chord 

ratio of distance between center of gravity and fuselage 
reference line to mean aerodynamic chord (positive when 
center of gravity is below line) 

mass of airplane, slugs 

Ix, Iy, 1-z moment of inertia about X-, Y-, and Z-body axes, respec- 
tively, slug-f-t2 

, ~.. .~ i . . 
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Ix - IY 
mb2 

inertia yawing-moment parameter 

IY - =z 
2 inertia rolling-moment parameter 

mb 

=z - Ix inertia pitching-moment parameter 
mb 2 

P air density, slug/cu ft 

CL relative density of airplane, m/pSb 

pl 

v 

R 

TDPF 

a angle between fuselage reference line and vertical (approx- 
imately equal to absolute value of angle of attack at 
plane of symmetry), deg 

. 
angle between span axis and horizontal, deg 

full-scale true rate of descent, ft/sec 

full-scale angular velocity about spin axis, rps 

tail-damping power factor 

APPAHATUSAND 

Model 

1 

(ref. 1) 

METHODS 

The A- scale model of the Grumman XS2F-1 airplane used for the 
30 

tests was furnished by the Bureau of Aeronautics and was prepared for 
testing by the Langley Laboratory of the National Advisory Committee 
for Aeronautics. A three-view drawing of the model as tested is shown 
in figure 1. Photographs of the model are shown in figures 2 and 3. 
The dimensional characteristics of the airplane are presented in table I. 

The model was ballasted with lead weights to obtain dynamic simi- 
larity to the airplane at an altitude of 30,000 feet (p = 0.00088g 
slug/cu ft) rather than the usual 15,000 feet. This ballasting was 
necessary because of the relatively heavy construction of the model. 
A remote-control mechanism was installed in the model to actuate the 
controls for the recovery attempts. Sufficient hinge moments were 
exerted on the controls for the recovery attempts to reverse them fully 
and rapidly. 
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The control system of the XS2F-1 includes a movable surface, known 
as a trimmer, located in the position normally occupied by the rudder. 
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The rudder is hinged to the trailing edge of the trimmer. In an 
emergency (single-engine) condition, the trimmer deflects proportionally 
to the rudder. In normal flight, this surface is manually operated. 
On the model, the trimmer was preset at certain fixed conditions or 
deflected simultaneously with the rudder. 

Conventional flap-type ailerons and circular-arc spoilers are used 
for lateral control of the XS2F-1. The spoilers are located inboard of 
the ailerons and deflect above the upper surface of the wing. (See 
figs. 1 and 3.) 

A removable radome and magnetic airborne detector boom were used on 
the model to represent the radome- and boom-extended configuration. 

Wind Tunnel and Testing Technique 

The model tests were performed in the Langley 20-foot free-spinning 
tunnel, the operation of which is generally similar to that described in 

, reference 2 for the Langley 15-foot free-spinning tunnel except that the 
model launching technique has been changed. With the controls set in 
the desired position, the model is launched by hand with rotation into 
the vertically rising air stream. After a number of turns in the estab- 
lished spin, the recovery attempt is made by moving one or more controls 
by means of the remote-control mechanism. After recovery, the model 
dives into a safety net. The spin data obtained from these tests are 
then converted to corresponding full-scale values by methods also 
described in reference 2. A photograph of the model during a spin is 
shown in figure 4. 

Spin-tunnel tests are usually performed to determine the spin and 
recovery characteristics of the model for the normal spinning-control 
configuration (elevator full up9 lateral controls neutral, and rudder 
full with the spin) and for various other lateral-control-elevator 
combinations including neutral and maximum settings of the surfaces for 
various model loadings and configurations. Recovery is generally 
attempted by either rapid full rudder reversal or rapid full reversal 
of both rudder and elevator. For certain spins of the present model 
recovery was also attempted by rapid full reversal of rudder and trimmer. 
Tests are also performed to evaluate the possible adverse-effects on 
recovery of small deviations from the normal control configuration for 
spinning. For these tests, the elevator is set at either full up or 
two-thirds of its full-up deflection and the lateral controls are set 
at one-third of full deflection in the direction conducive to slower 
recoveries (with the spin, wheel right in a right spin, for the 
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XS2F-1 model). Recovery from this spin is attempted by rapidly reversing 
the rudder from full with to only two-thirds against the spin or by 
simultaneous rudder reversal to two-thirds against the spin and movement 
of the elevator to either neutral or two-thirds down. For the spins in 
which rudder and trimmer were simultaneously deflected, recovery was 
attempted by rapidly reversing both rudder and trimmer to two-thirds 
against the spin. These control configurations and manipulations are 
referred to as the "criterion spin." . 

Turns for recovery are measured from the time the controls are 
moved, or the parachute opened, to the time the spin rotation ceases. 
Based on experience with many models, the criterion for a satisfactory 
recovery from a spin for the model has been adopted as 2?= turns or less. 
Recovery characteristics indicated by the model may be cknsidered satis- 
factory if recovery attempted from the criterion spin in the manner 
previously described is accomplished within 2i turns. 

For the spins which had a rate of descent in excess of that which 
can readily be obtained in the tunnel, the rate of descent was recorded 
as greater than the velocity at the time the model hit the safety net, 
for example, >365 feet per second, full scale. For these tests, the 
recovery was attempted before the model reached its final steeper atti- 
tude and while the model was still descending in the tunnel. Such 
results are considered conservative, that is, recoveries will not be as 
fast as when the model is in the final steeper attitude. For recovery 
attempts in which the model struck the safety net while it was still in 
a spin, the recovery was recorded as greater than the number of turns 
from the time the controls were moved to the time the model struck the 
safety net, as >3. A >3-turn recovery, however, does not necessarily 
indicate an improvement over a >7-turn recovery. When the model recovered 
without control movement (rudder with the spin), the results were recorded 
as ttno spin." 

For the spin-recovery parachute tests, the minimum-size tail para- 
chute required to effect recovery within 21 turns from the criterion 4 
spin was considered satisfactory. The parachute was opened for the 
recovery attempts by actuating the remote-control mechanism and the 
rudder was held with the spin so that recovery was due to the parachute 
action alone. The parachute towline was attached to the fuselage at the 
bottom of the tail cone. The folded spin-recovery parachute was placed 
on the model in such a position that it did not seriously influence the 
established spin. For the model tests, a rubber band holding the packed 
parachute to the model was released and the parachute was blown free of 
the model. On the full-scale parachute installation it would be desirable 
to mount the pack within the airplane structure, if possible, and it is 
recommended that a mechanism be employed for positive ejection of the 
parachute. 
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PRECISION 

The spin results presented herein are believed to be the true 
values given by the model within the following limits: 

a,deg.............. . . . . . . . . . . . . . . . . fl 

#,deg... . . . . . . . . . . . . . . . . . . . . . . . . . . . ?l 

V,percent.. . . . . . . . . . . . . . . . . . . . . . . . . . . f5 

R,percent............................ +2 

Turns for recovery: 
When obtained from motion-picture records . . . . . . . . . . . i$ 

+1 When obtained by visual estimate . . . . . . . . . . . . . . . . -2 

The preceding limits may have been exceeded for certain spins in 
which it was difficult to control the model in the tunnel because of 
the high rate of descent or because of the wandering or oscillatory 
nature of the spin. 

Comparison between model and full-scale results in reference 3 
indicated that model tests satisfactorily predicted full-scale recovery 
characteristics approximately 90 percent of the time and that for the 
remaining 10 percent of the time, the model results were of value in 
predicting some of the details of the full-scale spins. The airplanes 
generally spun at an angle of attack closer to 45' than did the corre- 
sponding models. The comparison presented in reference 3 also indicated 
that generally the airplane spun with the inner wing tilted more down- 
ward and with a greater altitude loss per revolution than did the corre- 
sponding models. 

Because it is impracticable to ballast the model exactly and because 
of inadvertent damage to the model during tests, the measured weight and 
mass distribution of the XS2F-1 model varied from the true scaled-down 
values within the following limits: 

Weight, percent . . . . . . . . . . . . . . . . . . . . . . 0 to 1 high 

Center-of-gravity location, percent Z . . . . . . . . 0 to 1 rearward 

Moments of inertia: 
IX, percent ................... 3 high to 13 high 
Iyt percent .................... 3 high to 5 high 
Iz, percent ...................... 0 to 8 high 
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0 The accuracy of measuring the weight and mass distribution of the 
0 model is believed to be within the following limits: 

: 
Weight, percent ......................... 51 
Center-of-gravity location, percent Z .............. +l 

P Moments of inertia, percent ................... +5 

Controls were set with an accuracy of &lo. 

TEST CONDITIONS 

The mass characteristics and inertia parameters for the loadings 
furnished by the contractor for the XS2F-1 airplane and for the loadings 
tested on the model are presented in table II. Tests were performed for 
the model conditions listed in table III. For all tests, the landing 
gear and flaps were retracted. As indicated previously, in an emergency 
(single engine) condition the trimmer deflects simultaneously with the 
rudder. 
20' left. 

For this condition, the maximum deflection is 20' right and 
In the normal condition the maximum deflection is as given 

below. For a few tests, the trimmer was fixed 10' with the spin. The 
model was tested with stabilizer incidence settings of 0' and -6’. 

The mass-distribution parameters for the various airplane and model 
loadings are plotted in figure 5. As discussed in reference 4, figure 5 
may be used as an aid in predicting the relative effectiveness of the 
controls on the recovery characteristics of the model. 

The normal maximum control deflections used in the tests (measured 
perpendicular to the hinge line) were: 

Rudder (measured with respect to trimmer), deg . . . 30 right, 30 left 
Trimmer, deg . . . . . . . . . . . . . . . . . . . . . 5 right, 5 left 
Elevator (measured with respect to 

stabilizer), deg . . . . . . . . . . . . . . . . . . 30 up, 15 down 
Ailerons, deg . . . . . . . . . . . . . . . . . . . . 20 up, 15 down 
Spoilers, deg . . . . . . . . . . . . . . . . . . . . . . . . 58 up 

Upward spoiler deflection is plotted against control wheel angle 
in figure 6. The right spoiler is deflected above the upper surface 
of the wing when the wheel is rotated to the right. 

RESULTS AND DISCUSSION 

The results of the investigation are presented on charts 1 to 7 
and on table IV. A key to the results presented on the charts is given 
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0 

on chart 1. The results obtained for right and left spins were generally 
0 very similar and right-spin results are arbitrarily presented. Propellers 

were not simulated on the model but it is felt that the results presented 
ii should be generally applicable for the airplane spinning either to the 
b right or left with idling propellers. Because of the gyroscopic effect 

of twin propellers turning clockwise (as viewed from pilot's seat) the 
airplane right spins may, however, be slightly steeper than corresponding 
left spins. The model data are presented in terms of the full-scale 
values for the airplane at a test altitude of 30,000 feet. Based on 
spin-tunnel experience, it is felt that the current results are probably 
somewhat conservative as compared to corresponding results which would 
be obtained at a lower altitude. 

Erect Spins 

Charts 1 to 5 present erect-spin results obtained with the center 
of gravity at 30 percent C (most rearward) for the design flight loading. 
Chart 6 presents erect spin results with the center of gravity at 20 per- 
cent%. Spins were generally oscillatory, primarily in pitch. 

With the directional trimmer fixed 5O with the spin (chart 1) it 
was indicated that, in order to insure satisfactory recoveries for 
stabilizer settings of 0' or -6O, rudder reversal should be accompanied 
by movement of the elevator down. Movement of the elevator to at least 
two-thirds down was indicated as desirable. Lateral controls with the 
spin (wheel right in a right spin) had an adverse effect whereas lateral 
controls against the spin was favorable to recovery. The results 
obtained are consistent with reference 4 for the design loading which is 
predominantly heavy along the wings. 

When the trimmer was fixed at neutral (chart 2) the results were, 
in general, similar to that of chart 1, although when the stabilizer was 
at -6’ and the elevators were full ups satisfactory recoveries could be 
obtained by rudder reversal alone. Analysis of the results indicates, 
however, that full rapid rudder reversal followed approximately one-half 
turn later by movement of the elevators to at least two-thirds down will 
give the optimum recovery. 

Chart 3 indicates that fixing the trimmer 5’ against the spin 
(deflected to the left in a right spin) was favorable and that even 
reversal of the rudder alone would lead to satisfactory recovery char- 
acteristics for the airplane for this trimmer setting (based on the 
satisfactory recoveries obtained for the criterion spin). 

Chart 4 presents results obtained when the trimmer was set 20° with 
the spin and reversed to 20' against the spin in conjunction with rudder 
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reversal. As has been indicated previously, this movement of the controls 
is possible for the single-engine-operative emergency condition. Very 
satisfactory recoveries were obtained for this configuration by rudder 
and trimmer reversal. 

The effect of extending the radome and magnetic airborne detector 
boom is shown on chart 5. These tests were made with the trimmer fixed 
10' with the spin because early information available from the contractor 
at the time these tests were made indicated this to be the normal trimmer 
range. The results indicate little effect of radome and boom extension. 

With the center of gravity at 20 percent i? (most forward), erect 
spins (chart 6) appeared to be somewhat less oscillatory and a little 
steeper than those previously obtained. Satisfactory recovery charac- 
teristics were indicated for this loading condition by rudder reversal 
and elevator neutralization. No spins were indicated when the elevators 
were down as far as neutral. 

Inverted Spins 

Inverted-spin characteristics are indicated on chart 7. The order 
used for presenting the data for the inverted spins is different from 
that used for erect spins. For inverted spins, controls crossed for the 
established spin (right rudder pedal forward and wheel to the left for 
rotation to pilot's right) is presented to the right of the chart and 
column back is presented at the bottom. When the controls are crossed 
in the established spin, the lateral controls aid the rolling motion, 
when the controls are together, the lateral controls oppose the rolling 
motion. The angle # and the elevator position in the chart are given 
as up or down relative to the ground. 

The tests were made with the center of gravity at 30 percent E. 
The results indicate that full rudder reversal should be utilized to 
insure recovery from any inverted spin obtained with the trimmer neutral. 
With the trimmer 5’ against the spin (results not presented on the charts) 
no spin was obtained when ailerons and elevators were neutral. 

Spin-Recovery Parachutes 

Table IV indicates that, in an emergency, a tail parachute at least 
18.75 feet in diameter (laid out flat) and having a drag coefficient of 
approximately 0.74 (based on laid-out-flat area) will be required to 
insure recovery by parachute action alone. The towline length should be 
approximately equal to the semispan (34.84 feet). If a parachute with a 
different drag coefficient is used, a corresponding adjustment will be 
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required in parachute size. Reference 5 indicates that conventional 
flat-type parachutes made of low-porosity materials are unstable and 
may seriously affect the stability of the airplane if the parachute is 
opened in normal flight to test its operation. It may  be desirable, 
therefore, to use a  stable parachute (ref. 5) as an emergency spin- 
recovery device on the full-scale airplane. 

Influence of Power 

It has been indicated that asymmetric power settings may  affect the 
Spin-recovery characteristics of mult iengine airplanes. The application 
of power as a  recovery technique is d iscussed in reference 6, and it 
appears that, in general, increasing power on the inboard engine will 
be  favorable, al though increasing power on the outboard engine will be  
unfavorable. 

Control Forces 

The discussion of recovery characteristics so far has been based 
on control effectiveness alone without regard to the forces required 
to move the controls. As previously mentioned, for all tests, suffi- 
cient force was applied to the controls to move them fully and rapidly. 
Sufficient force must be applied to the airplane controls to move them 
in a  similar manner in order for the model  and airplane results to be 
comparable. 

Calculations, based on the information presented in references 7 
and 8, indicate that the forces required to move the rudder and elevator 
for recovery will probably be within the capabilit ies of the pilot. 
Reference 8 indicates that the force required to move the elevator down 
at spinning attitudes can be reduced by upward deflection of the elevator 
trim  tab. 

Landing Condit ion 

The landing condit ion was not investigated on this model  inasmuch 
as current Navy specifications require this airplane to be spin- 
demonstrated in the landing condit ion from only a  l-turn, or incipient 
spin; whereas, spin-tunnel-test data are obtained for the fully developed 
spin. An analysis of model  tests to determine the effect of landing 
gear and flaps (ref. 9) indicates that, al though the XS2F-1 will probably 
recover satisfactorily from an incipient spin in the landing condition, 
recoveries from fully developed spins will be  unsatisfactory. If a  spin 
is inadvertently entered in the landing condition, the flaps and landing 
gear should be retracted and recovery attempted immediately. 
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Recommended Recovery Technique 

Based on the results obtained with the model, the following recovery 
technique is recommended for all loadings and conditions of the airplane: 

For erect spins, the rudder should be reversed to full against the 
spin, and approximately one-half turn later the elevator should be moved 
to at least two-thirds down. If difficulty is encountered in recovering 
from spins because of inability to move the wheel sufficiently far 
forward, the trimmer on the vertical tail should be placed to full 
against the spin to insure recovery. 

For recovery from inverted spins, the rudder should be reversed to 
full against the spin and the lateral and longitudinal controls should 
be neutralized. 

CONCLUSIONS 

1 Based on the results of tests of a --scale model of the Grumman 30 
XS2F-1 airplane, the following conclusions regarding the spin and 
recovery characteristics of the airplane at an altitude of 30,000 feet 
are made: 

1. Erect spins of the airplane in the most rearward center-of- 
gravity loading condition (30 percent mean aerodynamic chord) will be 
oscillatory, primarily in pit_ch. Satisfactory recoveries will be 
obtained by rapid full rudder reversal and movement of the elevator to 
at least two-thirds down. This technique applies to trimmer full with 
spins. Trimmer against the spin will greatly assist recovery; trimmer 
full against the spin will give satisfactory recoveries by full rudder 
reversal alone. 

2. Erect spins in the most rearward center-of-gravity loading condi- 
tion with the trimmer 20' with the spin will be satisfactorily terminated 
by simultaneous rapid full reversal of rudder and trimmer. 

3. Extension of the radome and the magnetic airborne detector boom 
will have little effect on the spin-recovery characteristics. 

4. Erect spins in the most forward center-of-gravity loading condi- 
tion (20 percent mean aerodynamic chord) will be satisfactorily term- 
inated by rapid full rudder reversal and elevator neutralization. 

5. Satisfactory recoveries will be obtained from inverted spins by 
rapid full rudder reversal. 
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~000 

10" 6. If an inadvertent spin is entered in the flap-down condition, 

'ooOO flaps should be immediately retracted and recovery attempted. 
‘0 

go0 7. An 18.75-foot diameter (laid out flat) tail parachute having a 
0 I drag coefficient of 0.74 and having a towline length approximately equal 00 
0 

0 
to the semispan will be effective for emergency recovery from demonstra- 
tion spins. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va. 

Frederick M. Healy 

Approved: 

ronautical Research Scientist 

Thomas A. Harris 
Chief of Stability Research Division 

vr 



NACA RM SL52117 13 

0000 

0: REFERENCES 
0000 
0,” 

000 
0 0 

, 

0 0 1. Neihouse, Anshal I., Lichenstein, Jacob H., and Pepoon, Phillip 17.: 
00 0 0 Tail-Design Requirements for Satisfactory Spin Recovery. NACA 

0 TN 1045, 1946. 

2. Zimmerman, C. H.: Preliminary Tests in the NACA Free-Spinning Wind 
Tunnel. NACA Rep. 557, 1936. 

3. Berman, Theodore: Comparison of Model and Full-Scale Spin Test 
Results for 60 Airplane Designs. NACA TN 2134, 1950. 

4. Neihouse, A. I.: A Mass-Distribution Criterion for Predicting the 
Effect of Control Manipulation on the Recovery From a Spin. NACA 
ARR, Aug. 1942. 

5. Scher, Stanley H., and Draper, John 11.: The Effects of Stability of 
Spin-Recovery Tail Parachutes on the Behavior of Airplanes in 
Gliding Flight and in Spins. NACA TN 2098, 1950. 

6. Hijhler, P.: The Influence of the Application of Power During Spin 
Recovery of Multiengine Airplanes. NACA TM 1219, 1949. 

7. Stone, Ralph W., Jr., and Burk, Sanger M., Jr.: Effect of Horizontal- 
Tail Position on the Hinge Moments of an Unbalanced Rudder in 
Attitudes Simulating Spin Conditions. NACA TN 1337, 1947. 

8. Sears, Richard I., and Hoggard, H. Page, Jr.: Characteristics of 
Plain and Balanced Elevators on a Typical Pursuit Fuselage at 
Attitudes Simulating Normal-Flight and Spin Conditions. NACA ARR, 
March 1942. 

9. Gale, Lawrence J.: Effect of Landing Flaps and Landing Gear on the 
Spin and Recovery Characteristics of Airplanes. NACA TN 16439 1948. 



14 

Horizontal Tail: 
Span,ft ........................... 22.48 
Area, sqft ......................... 102.62 
Stabilizer area, forward elevator hinge line, 

total, sq ft ........................ 76.74 
Elevator area, rearward of hinge line, total, sq ft ..... 25.88 
Root chord, in. 
Tip chord, in. 
Aspect ratio . . 
Nose to elevator 
Dihedral, deg . 
Airfoil section: 

Root . . . . . 
Tip . . . . . 

....................... 73.2 

....................... 

....................... ?$ 
hinge line, ft ............... 37:55 
....................... 10 

................... NAcA 64lA015 

................... NACA 641A012 
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00 
TABLE I.- DIMENSIONAL CHARACTERISTICS OF THE GRUMMAN 00 

0 

; 
0 

0 0 

XS2F-1 AIRPLANE 

Over-all length, ft ...................... 42.13 

Wing : 
Span,ft ........................... 69.67 
Area,sqft ......................... 485 
Root chord, in. ....................... 119 
Tipchord,in. ........................ 48 
iZ,in. ........................... 88.61 
Leading edge Zj rearward leading edge root chord, in. ... 12.93 
Aspect ratio ......................... 10 
Taper ratio ......................... 0.4 
Dihedral, deg ........................ 2.5 
Incidence, deg ........................ 1.5 
Airfoil section: 

Root ....................... NACA 63(215)A420 
Tip ........................ NACA 632~415 

Ailerons: 
Area, rearward of hinge line, total, sq ft .......... 9.3 
Span, percent b/2 ...................... 12.9 
Chord, rearward of hinge line, percent c ........ . . 23 

Spoilers: 
Span, percent b/2 ...................... 39.2 
Location, percent c ..................... 69.67 
Hinge line, percent c .................... 59.67 

Slots: 
Span, percent b/2 ...................... 22.2 
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TABLE I.- DIMENSIONAL CHARACTERISTICS OF THE GRUMMAN 

XS2F-1 AIRPLANE - Concluded 

Vertical tail: 
Height, ft.......................... 
Fin area, forward trimmer hinge line, sq ft . . . . . . . . . 
Trimmer area, hinge line to rudder hinge 

line, sqft . . . . . . . . . . . . . . . . . . . . . . . . 
Rudder area, rearward of hinge line, sq ft . . . . . . . . . 
Root chord, at fuselage reference line, in. . . . . . . . . . 
Tip chord, in. . . . . . . . . . . . . . . . . . . . . . . . 
F,in. . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Nose to trimmer hinge line at ?Z (O-57-), ft . . . . . . . . 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . 
Airfoil section: _. 

13 -08 
49.06 

23.80 
lg.61 

144 
62 

104 
38 

1.85 

Root ......................... NACA 64lAO15 
Tip ......................... NACA 64lAO12 

Tail-damping-power factor ................. 529 x 10B6 
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TAHLEII.-USSCHARACTEBBTICSANDXNERTIAPA.RAlBT@bSFOR 

LOADINOS POSSIE3.Z ON TEE CRU!AMAN XS2F-1 AIRPLANE JWD FOR EOADIFGS 

TESTEXI ON TSE $-SCALE NODE 

kodd. values are given as corresponding full soale valuasj moments of in&Aa me given about tie cenhr 

Ssnter-of-grati%y RelaUsw density lPJ?Tmlts of 18 
h-Cation & cS;ua-feot qi" .lwo pa!R0tcxr8 

uaw 
No. Landing (lb) ti 6 Sea 

l0Vd. 3;;p Ix % =I: 9 9 

Desi.$n flight 
center of 

1 gravity 30 
percent F 

22,334 O-300 -0.213 8.63 23.09 60,496 41,YOolr 97,928 55 x lo-4 -166 x 

(most rear- 
ward) 

Design flight 
center of 
gravity 2OE 

2 percent 22,334 0.200 -0.207 8.63 23.09 
(most 

60,494 3h,339 90,365 78 x 10 -4 -167 x 

forward) 

.?Jodel values 

Design flight 
center of 

1 gz;z 3; 22,l&22 0.300 -0.171 8.67 23.20 65,878 it&178 101,656 64 x lo-' -170 x 
(most rear- 
ward) 

Design flight 
center of 

2 FE:",:: 2oE 22,539 0.206 -0.302 8.71 23.30 66,831 3h,753 95r623 94 x 10-b -179 x 

(most 
forward) 



0 

0 

TABLE III.- CONDITIONS IWZSTIGATED ON T ii $- SCALE MODEL 
OF THE GRbxMN XS2F-1 AIRPLANE 

Type of 
I Loading condition I I 

Loading Stabilizer 
spin No 0  incidence 

Erect 
I 

1  o” 

-do- 

-do- 

-do- 

-do- 

1  -to 

1  O0  

-do- I -do- 

-do- I 

-do- Center of gravity 
at 20  percent C 

2  O0  

Inverted Center of gravity 
I at 30  percent E I1 I O0  

Erect 
I 

-do- ll I (IJo 

Trimmer position 
I 

Position of 
I 

Controls moved for 
for steady spin radome and boom recovery attempts 

5' with I Retracted I Rudder; rudder 
and  elevator 

-do- I -do- I -do- 

Neutral I -do- I -do- 

-do- I -do- P -do- 

so against I -do- I Rudder 

2o" with -do- Rudder and  trimmer 

-do- I -do- I -do- 

10' with I -do- 
I 

Rudder;  rudder 
and  elevator 

-ClG- Extended Rudder 

so with I Retracted I Rudder; rudder 
and  elevator 

5' with -do- BTail parachute 
opening 

"Controls ma intained lxith the spin for the parachute recovery tests. 
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TABlJ3 mo- SB~-RECOVERY TAIL PARACHUTE DATA OBTAINED 

IUm THE k--SCALE MODEL OF THZ GRIYAWW XSZF-1 AIRF3.W 
30’ 

1 
Design-flight loading condition, center of gravity at,30 percent B 

(loading point 1 in table II and figure 5)~ recowery attempted by 
opening tail parachute8 right erect spinsB stabilizer incidence O"j 
radome and boom retiacted? control setting for spin - elevators full 

ups lateral controls L 
3 

with, trimmer so with, rudder full with spin3 

model values have been converted to corresponding full-scale vdues] 

coefficient 

!Furns for 
recowery 

aVisual estimate 
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too 

SO0 
, 

:“O 
0 

10 
0 
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CHART l.- ERECT SPIN AND RECOVERY CHARACRZRISTICS OF TRE KODEL 
IN TRS DESIGN-FLIGBP LOADING CORDITION AND CENTRR OF GRAVITY 

AT 30 PERCEhT EWITB TRR TRILILIGR 5' WITHTIIE: SPIN 

c.JoadinS point 1111 table II and figure 5; radoms and boom retracted; recovmy attempted by rapid 
full rudder reversal except as indicated (P3CO'Wy attempted from, and steady-spin data 
presented for. rudder-full-with spins); right spina] 

Stabilizer Incidence 0' 
ratera controls 

: with 

b 

Lsteral controls fill with 
p 37 O-34 

aVlsual estimate. 
bOs0illatory spin, range or vai~0~ given. 
'%del entered an inverted spin. 

lode1 valuea 
converted to 
corresponding 
ruii4OaiO ~81~0~. 
u 1mler vlng up - 

_. . I 

I "tmr control manlpulatlons employed 
r0r EOOW~~ attempts I 

jR+NEI Full rudder reversal and 
elevator neutrsll&at1on I 

Full rudder reversal a 
elevator movenent I 

t- I R+B Full rudder reversal and ele- -AA.__ --- 33nt tb nll3 aha 
2 

_ ^. _ I ..- _ - 
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100 

! 
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CHART 1 (CONCLUDED).- ERECT SPIN AND RECOVERY CRARACTRRISTICS OF TRF. XODRL IN TRi3 
DRSIGR-FIIGRT LOADING CONDITION AND CENTER OF GRAVITY AT 30 PERCENT ?? 

WITH TRR TRIWRR 5' WITH THE SPIR 

r Loading point 1 in table II and figure 5; radome and boom retracted; recovery attempted by 
rapid full rudder reversal except as indicated (recovery attempted from, and steady spin 
data presented for, rudder-full-rrith spins); right spins] 

Stabilizer incidence -6' 

!!!I 
a Ifi g 

3 272 0.30 

$, >2 

Lateral controls 

j,avith 

aOscillatorg spin, range of values given. 
bR.ecoverg attempted by rudder reversal from full with 

to $ against the spin. 
Node1 values 
converted to 

cRecovery attempted by simulta eous 
reversal from full with to 

f 

rudder corresponding 
against the spin full-scale values. 

U inner wing up 
and elevator neutralization. D inner wing down 

dRecoverg attempted by simultaneous rudder reversal from 
full with to 2 

3 
against the spin snd elevator movement to 

$doun. 

Tnrns for re- Tnrns for re- 

full rudder full rudder 

m 

.365 

1, 1 



0 0 
0 

CHART 2.- ERECT SPIN AND RECOVERY CHARACTERISTICS OF TRE L!ODEL IN THE DESIGN-FLIGHT 
LOADING CONDITION AND CENTER OF GRAVITY AT 30 PERCENT c BITS TRR TRIWSR NRUTRAL 

[Lading point 1 in table II and figure 5; stabilizer lnoldance BD 1 
full rudder revoraal excopt as indicated (recovery attempted eon: 

Stoblllzer lnoldenoe 0' 

with b 

~Visu*1 ootimto. 
bOoolllntory spin, rnngo Of vn1uee glvon. 
'JRocovory attomptod by rudder reveranl from full with to 
dRooovory attempted 

2 against 

t+ apln and olovo. %  
olmltoneouo rudder ~oversol from h 

tho spin 

or noutralizatlon. 
11 nith to 2 againat 

3 
eRocovory attomptod by oimultaneouo rudder revoroal from full with to 

tho opin nnd olovotor moverant to 2 down. 
2 ngninnt 
3 

3 

lontod; rodoeo and boom retraoted; moovery attempted by rapid 
and steady-spin data presented for.,rudder-full-with apins); right 

Stcrbllieer lncldonce -b” 

I I I 

bk; i!I 
E!!l 

267 0.30 

it* li 

4, 
=I,” 
2” 
ti.8 ::I+ 
g,o 
4’ w 

-01s 
with 

S&or*1 
controls 

-=7E&m 
run* ainst ,324 raters1 0 018 11 w 

tnheolDieht)->J24 

*# 1; 

LIodcl vnluos 
oon"ertod to 
oorrospondlng 
full-aon v*luon. 
U lnnor wing up 
D inner wing down 

Turn0 
by 
rovoronl 
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CHART 34 ERECT SPIN AND RECOVERY CHARACTERISTICS Op TRR RODRL IN THE DESIGD FLIffET 
LOADING CONDITION AND CENTER OF GRAVITY AT 30 PERCENT C WITH THE TRIDURR 5O AGAINST THR SPIN 

II Loading point 1 in table II and figure 5; stabilizer incidence 0 '; radoma and boom retracted, 
recovery attempted by rapid full rudder reversal except as indicated (recovery attempted from, 
and steady-spin data presented for, rudder-full-with spins); right spins] 

0 

: 

0 
0 

0 

al controls 
'with 

Lateral controls full against 
(Wheel left) 

Lateral controls full with _ ,32,+ 
(Wheel right) 

Model values 
converted to 
corresponding 
full-scale values. 
U inner wing up 
D inner wing down 

'Recovery attempted by rudder reversal from full rrith to 2 against 
the spin. 3 

bVisual estimate. 



61 o B 272 0.34 1, %  
Stabilleor lncldonoe O" 

kternl oont 
'nlth 3 

60 ZD 

F 

264 0.34 

2 R 
s 

a lo2 
k 2 

CHART 4-m RR~T SPIN AND RECOVERY CHARACTERISTICS OF THE I:ODXL FOR TIE SIIIO~-RNOIIP-OPERATIVG RXEROEI:CY CONDITION 
(TRndhER )!OV!&? I.V,XD,!IJM OF 200 PWi?i OR AOAINST TRB SPIN PROPORTIONAL TO RUDDZR D3LECTION) 

c Loading point 1 in toblo II and rlguFe 
4; 

oti‘nbllioer lnoldenas BD lndlcated; rndom and boom rotracted; ~soovsZ'~'.nttempted bY 
'"gpl; full ruddtv md tl'ic31' Z 'W+XDB exoopt no indloatsd (rocovcry attempted from, and stondy-spin data prooontod f'=, 
pu C- nnd trimmer-fvll-r&h mlna): i-l&it opln~l 

I 56 I.D 
Lsteralaeok 
_ full agCdnCt 

(Wheel lert) 
279 0.36,yaontrols 

(wheel riot) 

l$ l)+ 
I 

;i 

,~, /~~, /~I 

%ooovery attempted by rudder cmd trlmnnr reveronl from full alth to 2 0gCdllOt 
the apln. 3 

bOaolllatory opln, rnnge of value0 given. 

Stabilizer lnoldonca -6- 

52 m  

- 272 0.36 

1, l)$ 

I 

Lbdol valueo 
oonvartod to 
ocrronpondlng 
full-ocn1o vn1uoo. 
u innor nlng "P 
D lnnorwln~ddoan Tuma 

by lull 
trlwr 
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CRART 26 - RRECT SPIN AND RRCOVRRY CHARACTERISTICS OF TII6 lOD2L IN TRE DRRICN PLIGHT 
LDADINO CO ITION AND CBNTRR OF CRAVITYAT 30 PRRCENT ?? WITH TRE TRIW!ER loo RITE TRR SPIN 

I+ ndlng point 1 in tnblo II nnd ii&r0 5; ntabllieer incidence 0°* , radome and boom a8 indicated; rcccvery nttsnptod by rapid 
roversal except 08 lndlcntod (rapport attempted Prom. and ntends-spin data preaentod for, rudder-full-with spine); right 

rudder 

Fiadoma and boom$etracted (norrml) Radons and boom extended 

51 0 

w 

28/ 0.30 

2. 2 

127910.31 

. with D. r 

Elevator 
;uP 

302 0.38 

2 

E!3 > 365 

1 

4 

e 
0000iiiato~ Opin, rOngO or ~Oh00 ghOn. 

%eo~vory nttemptod by rudder roveraal from iull with to 2 ngolnst the opln. 
3 

%ecovery attempted by slmrltnneoua rudder roversnl iron fullnltb to 2 
ncutrnlleotlon. f 

a@nat the opln and elovntor 

movement to 
by olnultonocun rudder rovaranl from till with to 2 

s 
a&not the spin and olcvntor 

Hcdelvolueo 
oonvertod to 
oorroopondlng 
full-noale vnlueo. 
u inner wing up 
D lnnaralngdoan 
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CHART 6.- ERECT SPIN AND RECOVERY CRARACTRRISTICS OF THE UODEL IN THE DESIGN-FLIGHT LOADIHG 

COIKIITION AM) OENTRR OF GRAVITY AT 20 PERCENT ?! :'IITH THR TRI2JXEZR 5O WITH THE SPIN 

c Loading point 2 in table II and figure 5; stabilizer incidence 0'; radome and boom retracted; 
recovery attempted by rapid full rudder reversal except as indicated (recovery attempted from, 
and steady-spin data presented for, rudder-full-with spins); right spins1 

I!3 NO SPIN 

Lateral controls 
1 

I' 3 
with 

46 ID 51 ID 

302 0.39 

% >3* > 32- 

279 0.39 

a 

3 2E 
a 

>2, >4 . 
$RiNE 

b b 
l.$, 2 

aReoovery attempted by rudder reversal from full 
with to 2 

3 
agalmt the spin. 

bR ecovery attempted by simultaneous rudder 
reversal from full nith to 1. against ths spin 

3 
and elevator neutralization. 

Node1 values 
converted to 
corresponding 
full-scale values. 
u inner wing up 
D inner wing down 

I (d&s) I (d$$ I 

Turns for recovery 
by full rudder 
reversal 
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CHART 7.- IDVFRTED SPIR AND RECOVERY CRARACTRRISTICS OF THE hODEL IN TRR DRSIGD-FLIGRT 
LOADING CONDITION AND CENTER OF GRAVITY AT 30 PERCENT F 

[Loading point 1 in table II and figure !j; trimmer neutral; stabilizer incidence 0'; radoms and 
boom retracted; recovery attempted by rapid full rudder reversal except as indicated (recmery 
attem ted from, and steady-spin data presented for, rudder-full-with spins); spina to pilot's 
rb3d 

00 
1 0 

0 a a b 

a 

$f F 58 m 

264 0.41 Controls together -- p 264 0.39 P Controls crossed ‘324 

i 
I I I 

‘k; g 
B 

264 0.44 
l)$ lj$ 

aoscillatory spin, range of values given. 
kianderlng spin. 
%ecovery attempted by rudder neutralization. Model values 
dNo spin condition also obtained. converted to 

corresponding 
full-scale values. 
U inner wing up 

Turns for recovery 

D inner wing down 
by full rudder 
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Figure l.- Sketch of the $ -scale model of the Grumman XS2E'-1 airplane. 

Center of gravity shown is for design-flight most rearward position. 
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Figure 2.- Photograph of the A- scale model of the Grumman XS2E'-1 airplane. 
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Figure 3.- Photograph of the -$ -scale model of the Grumman XS2F-1 airplane 

showing the circular-arc spoilers deflected, 
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Figure 4.- Photograph of the $- scale model of the Grumman XS2F-1 airplane 

spinning in the Langley 20-foot free-spinning tunnel. 
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Figure 5.- Mass parameters for the loading conditions of the Gzwuman 
X%3'-1 airplane and for the loadings investigated on the model. 
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Figure 6.- Deflection of spoilers relative to control wheel position for 
the Grumman XS2F-1 airplane. Spoiler angle is zero when upper edge 
of spoiler is flush with wing top contour. 
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